Background: Individuals with visual impairment face varied challenges when attending education programs in many fields and levels. In computing education programs, the frequent required use of charts, graphs, and diagrams poses additional challenges to their inclusion. In order to inform and to establish appropriate action plans for a more inclusive scenario, it is important to gather information from the parties involved. In this context, this work presents the practices of educators and the perceptions of visually impaired learners regarding such inclusion. Methods: The practice and perceptions were gathered from a survey with 56 computing educators and with 19 visually impaired learners who have attended computing education programs.
Background
Blindness and low vision are together the world's second most common impairment, only after hearing loss [1] [2] [3] . In Brazil, they are the most common impairment, affecting about 3.5% of the population [4] , which corresponds to 582 thousand blind people and 6 million people with low vision.
As any other person, individuals with visual impairment have the right, as provided by law, to fully participate into society. Article 5 of the Brazilian Federal Constitution (Constituição Federal) [5] Regarding education, there are various legal instruments that assure people with impairments the right to an inclusive scenario [6] [7] [8] . Among these, the administrative ordinance (Portaria) no. 1679 [6] defines the requirements for accessibility in higher education and the Statute of People with Disabilities (Lei Brasileira de Inclusão da Pessoa com Deficiência) [7] highlights the right to an inclusive education at all levels, as quoted next.
opportunities and conditions [...]" (translated by the authors)
Unfortunately, the scenario as provided by law does not correspond to reality. Courses in many educational levels and fields of knowledge are still inaccessible to visually impaired learners [9] [10] [11] [12] [13] due to institutions' internal and external factors.
When considering higher education, the main external factors that influence learner enrollment are related to selection exam accessibility, quality of lower education levels, and transportation accessibility. In Brazil, candidates to higher education must be approved in a selection exam [14] . To give equal conditions in such exams to individuals with visual impairment, the selection exam must be accessible. In addition, the education at lower levels must have been effective so that the candidate has equal conditions to compete. Transportation accessibility is important not only prior to learner enrollment, but during the whole course period. Internal factors include the lack of accessibility in the physical environment, educational material, pedagogical methods, cultural aspects such as prejudice, among others.
Amiralian [15] and Mrech [16] consider two pedagogical conceptions to the inclusion of learners with impairments in education programs. The first conception, called normalization, is aimed at making learners with impairments similar to other classmates. In this conception, the educator is not generally supported by an expert in special education. Learners with impairments have to show their ability to attend regular classes. The other conception seeks to understand how they are constituted and perceive the world in order to adapt material and pedagogical methods. This conception does not seek to normalize them or to impose concepts, standards, and values of sighted people.
Several studies have shown that inclusive education is more beneficial than segregated education for all students [17] [18] [19] [20] . These surveys, focused on K12 education, show that both learners with impairments and sighted learners gain from this coexistence, and there are no records of any adverse effects on learning or socialization processes. Adverse effects, however, are noticeable when learners with impairments are simply enrolled and attend regular programs, without an environment that welcomes and values differences.
In this work, we consider that the same is true in higher education and our focus of interest is related to computing education programs.
Inclusion of visually impaired learners in the computing field
In computing education programs, the frequent required use of charts, graphs, and diagrams creates additional obstacles to visually impaired learners. Some examples of graphical notations and disciplines that use them are (i) BPMN-business process model and notation, MSD-module structure diagram, DFD-data flow  diagram, MHD-module Educators use such graphical representations to teach and to exemplify concepts [21] , and visually impaired learners are sometimes not allowed to express their knowledge through alternative tasks [22] . In order to convey information in graphical representations to visually impaired learners in classroom activities, educators would have to receive support from assistants or use low-/hightech assistive technologies [23] . Examples of low-tech assistive technologies are tools such as pens or tactile drawings [24] and physical objects with specific semantics [25, 26] . Examples of high-tech assistive technologies are tactile displays [27] , optical character recognition (OCR) [28] , screen readers [29] , among others.
In addition to the accessibility of graphical content, the accessibility of software systems used in computing education programs, such as IDE-integrated development environment and CASE-computer-aided software engineering, is also important to make inclusion possible.
Over the last 20 years, many studies on the inclusion of visually impaired learners in the computing field have been published. Some of them reported experiences related to teaching computing topics, such as objectorientation, graphs, and the UML, to visually impaired learners [21, 25, [30] [31] [32] [33] . Other studies focused on haptic and multimodal interaction with computing diagrams for individuals with visual impairment [34] [35] [36] [37] [38] [39] . Yet, other studies covered textual and audio-based interfaces to convey the content of computing diagrams to individuals with visual impairment [40] [41] [42] [43] [44] [45] [46] [47] . These studies considered both linear and hierarchical access to diagram content. Finally, other studies covered collaborative diagram-based activities involving individuals with visual impairment [48] [49] [50] [51] [52] .
Despite the extensive research on the subject, further research and technological development effort are required to produce a more inclusive scenario [51, 53] . An important step toward such inclusive scenario is to gather information from the parties involved. This information is required to establish appropriate action plans by institutions, educators, and decision makers.
Considering this context and the absence of such information for computing education in Brazil, this work presents the results of a survey with visually impaired learners and educators in computing education programs. This survey was conducted to gather information about the practice and perceptions of learners regarding their inclusion and of educators when visually impaired learners attend their lectures.
In the "Discussion" section, we talk about some alternatives to promote a more inclusive scenario. In addition, we believe the information present in this paper may guide and support the definition of procedures and policies to promote a more inclusive scenario.
Methods
We conducted a survey using questionnaires aimed at identifying the practice and perceptions of educators and visually impaired learners regarding their inclusion in computing education programs. Particularly, we aimed at gathering information about the following aspects:
• Institutional provision for educators and learners;
• Changes in didactic methods (lecture style, accessibility of graphical representations, assessment, and group activities); and • Perception of changes in didactic methods.
The research was carried out by sending electronic questionnaires, with multiple choice and short answer questions, targetting two distinct groups: (i) educators in the field who have taught visually impaired learners and (ii) visually impaired learners who have attended courses in the field. The questionnaires for educators and learners may be found at https://github.com/leluque/jbcs.
Educators were contacted through the Brazilian Computer Society (SBC) general list [54] . An invitation e-mail was sent to everyone in the list. The list has about 7650 members, which comprises professionals, educators, and students in the computing field. There is no available data regarding the number of educators in the list. Visually impaired learners, on the other hand, were contacted through the Blind Programmers list [55] , which has individuals with visual impairment working in the computing field. An invitation e-mail was sent to everyone in the list. The list has about 180 individuals with visual impairment that are in the computing field.
The questionnaire for educators was created using Google Docs forms [56] , and SurveyMonkey [57] was used for learners considering the lack of accessibility of the former to individuals with visual impairment [58] . SurveyMonkey advertises its compliance with Section 508 [59] and WCAG 2 [60, 61] . In addition, other studies in the literature use SurveyMonkey to apply questionnaires to individuals with visual impairment [62, 63] . Finally, we had already assessed the SurveyMonkey accessibility in previous surveys.
The questionnaires were released to receive responses from June 12 to October 16, 2015 . The responses were analyzed through descriptive statistics-generation of contingency tables and calculation of percentages.
Results: educators' practices and visually impaired learners' perceptions
In this section, we present the results of the survey. First, we present the results for the questionnaire filled in by educators. Then, in the second subsection, we present the results for the questionnaire filled in by learners.
Results for educators
The questionnaire received 56 responses. All respondents have had experience of teaching computer science subjects to visually impaired learners.
Institutional provision
Regarding institutional provision, we asked educators if they had received any kind of information or training from the institution to teach visually impaired learners.
From the 56 respondents, only 12, which corresponds to 21%, declared to have received institutional provision in terms of training or information. The majority of educators, 44, which corresponds to 79%, declared not having received such provision.
Among the educators' comments regarding institutional provision, we can quote: "Teaching students with visual impairment was a challenge for me. I have not received instructions (...) and I had to (handle the situation all by myself ). " "It was an interesting experience dealing with this situation. I could see how unprepared we are to receive students with any kind of difficulty. Anyway, my adaptation to the new situation was quick and I believe for other educators as well, but it is necessary to rethink the teaching strategies to improve inclusion. " "[...] I understand that many educators feel unprepared to carry out the task of teaching students with visual impairment. Teaching professionals need to receive training and to develop the skills required to teach students with special needs. "
Learner assessment and group work
Regarding learner assessment and group work, we asked educators if they have involved visually impaired learners in group activities and assessed them differently.
Out of 56 educators, the majority, 47, which corresponds to 84%, declared to have involved visually impaired learners in group activities with other learners. The other 9 educators declared not to have involved such learners in group activities.
Regarding learner assessment, out of 56 educators, 27, which corresponds to 48%, declared to have assessed visually impaired learners differently from sighted learners. The other 29 educators declared not to have assessed them differently.
Lecture style and educational material
From the 56 educators, 47, which corresponds to 84%, have used the blackboard in their lectures. Since visually impaired learners cannot access the blackboard content, we asked educators if they have changed the lecture style when teaching visually impaired learners. From these 47 educators, 6 did not change anything in their lectures when teaching visually impaired learners. Among the 41 educators who have changed the lecture style, we identified five strategies they used. These strategies are listed next.
• Using a specific part of the blackboard (for learners with low vision); • Changing font size (use of larger fonts);
• Delivering accessible material after the lecture;
• Delivering accessible material prior to the lecture; and • Changing verbalization-repetitively verbalized the blackboard content; Figure 1 presents the frequency of use of each strategy (individually and combined).
The most common strategy used by educators was delivering material prior to the lecture. This was the only strategy used by 30 educators. Changes in verbalization was the only strategy used by 6 educators. Two (2) other educators combined delivering material prior to the lecture with changes in verbalization. Other strategies were mentioned only once.
Approaches to make graphical representations accessible
From the 56 educators, 40, which corresponds to 71%, taught subjects that involved the use of graphical representations. For those who use graphical representations, we inquired about the approaches used to make graphical representations accessible to visually impaired learners. From these 40 educators, 3 answered they did not know any approach to make graphical representations accessible to visually impaired learners. Among the remaining 37 educators that knew some approach, 2 did not use any. The remaining 35 educators mentioned six different approaches they used. These approaches can be classified according to the sensory perception they are based on (hearing, touch, and sight), as described next.
The approaches based on hearing comprise (i) textual description, in which a textual description of the graphical content was provided to learners prior to the lecture-the textual description was synthesized by screen readers; (ii) verbal description, in which the graphical representation content was read aloud by the educator during the lecture; and (iii) assistant support, in which the graphical representation content was read aloud by an assistant during the lecture.
Regarding touch, the following approaches were used: (iv) physical objects, in which physical objects were used to represent the graphical representation content and (v) tactile representations in paper, in which raised representations, both printed and created with special pens, were used to represent the graphical representation content. Some educators also used Braille to represent textual elements of the graphical representation.
For learners with low vision, amplification (sight) was used to make the access feasible to the graphical representation in its original representation.
The most used sense, individually and in combination, was hearing (Fig. 2) . Verbal description, assistant support, or textual description (read by screen readers) was mentioned by 35 respondents that used some approach. Among these, textual description was the most widely used approach, mentioned by 30 educators (85% of the educators that used some approach). In most cases, 17, textual description was used alone. Touch-based approaches were used individually by 3 educators (9%) and in combination with hearing by 12 educators (34%). Among these, tactile representations were mentioned by 10 out of 35 (29%) respondents. Sight-based approaches were mentioned by only 2 educators. 
Influence of institutional provision in other aspects
In order to investigate if institutional provision may influence inclusion in group activities, appropriate assessment, change in lecture style over the blackboard, and accessibility of graphical representation, we constructed contingency tables (Tables 1, 2 , 3, and 4).
As shown in Table 1 , from those educators who had institutional provision, 10 out of 12 (83%) involved visually impaired learners in group activities. For those who not had institutional provision, 37 out of 44 (84%) involved such learners in group activities. Such small difference indicates that it is not possible to perceive a statistical relation between institutional provision and the inclusion of visually impaired learners in group activities.
With respect to assessing visually impaired learners (Table 2) , about 50% of the educators, with or without institutional support, declared to use different assessment strategies.
Therefore, by Tables 1 and 2 , the institutional provision does not have influence over the educator with respect to including visually impaired learners in group activities and to assessing them differently.
However, institutional provision seems to influence the classroom dynamics in terms of changing lecture style over blackboard and making graphical representations accessible. In fact, all educators with institutional provision declared to have made these changes, as shown in Tables 3 and 4 . In contrast, from those educators who had not had institutional provision, 84% declared to have made these changes.
Results for learners
In this subsection, we present the results for the questionnaire filled in by learners. There were 31 respondents to the visually impaired learner's questionnaire, of whom 19 were considered valid. We considered invalid those responses that were incomplete and contained only information about the learner's degree of visual impairment.
The respondents include 7 learners that are currently attending a computing education program, corresponding to 37% of all respondents, and 12 learners that previously attended a program in the field, corresponding to 63%. From those that have already attended a program in the field, only one did not complete the program.
Regarding their degree of visual impairment, 16 learners (84%) declared to be completely blind and 3 (16%) as having low vision.
About 50% of the learners have more than 12 years of experience using computers and 1 year as professionals in the field. All of them have at least 5 years of experience as users. The most experient user has been using computers for 16 years.
Educational level and institutions
When considering the educational level they attended, 14, corresponding to 74%, attended higher education programs. The other 5, corresponding to 26%, attended certification (known as "technical" in Brazil) or professionalizing programs. Higher education institutions in five different states were attended by learners: (i) MT-Mato Grosso: UNIVAG-Várzea Grande University Center; (ii) PRParaná: UNICESUMAR-Maringa University Center and UTFPR-Federal University of Technology of Parana; (iii) RS-Rio Grande do Sul: UCS-University of Caixas do Sul; (iv) RJ-Rio de Janeiro: Estácio de Sá University; and (v) SP-Sao Paulo: Anhanguera Faculty, Impacta Faculty, SENAC, UNICAMP-University of Campinas, UNICID-University of the City of Sao Paulo, UNIPPaulista University, and USP-University of Sao Paulo. This group includes two of the best Brazilian universities considering international rankings [64] .
Difficulties due to visual impairment
The learners were asked if they faced any difficulty due to their impairment in the courses. Only one of them answered he/she did not face any difficulty due to the impairment. This learner is completely blind and attended a short professionalizing course in a non-regular educational institution. All learners in universities and certification institutions reported difficulties.
One learner highlighted the lack of institutional provison in terms of infrastructure and assistance.
"(I felt a) lack of proper (institutional) support ... They provided the minimum ... I ... filled in the questionnaire about disabilities ..., asking (for) a(n) (assistant) to help me in the classroom, so that I could (have a better interaction) ..., but I did not receive any support. (The results of the education process) depended mainly on the good will of the (educators). There were no tactile floors and means to locate myself ... "
In addition to the lack of institutional provision, another learner highlighted a lack of educator's knowledge about the peculiarities of visual impairment.
"(I noticed a) ... lack of (educators) knowledge about the peculiarities of visual impairment. For example, the educators have an ingrained habit of pointing the items in the slides without mentioning their names or giving more details about the layout of the content. (Additionally, there were) laboratories with computers without screen readers and EAD platforms (that did not meet) the minimum accessibility requirements. "
Accessible books and assistant support
The learners were asked about the availability of accessible books and of assistant support during the program. They had to answer using a Likert scale, from Strongly Disagree (1) to Strongly Agree (5), the following statements: "All books in my course syllabus were accessible" and "I have had assistant support in all lectures in my course. " Figures 3 and 4 present their responses. Out of 19 learners, 2 did not answer these questions. Among the 17 respondents, 4 learners, corresponding to 24%, reported to have had access to accessible versions of all the books used in the program or to assistant support in all lectures. In fact, 3 of them answered "Strongly Agree" to both questions. Two others chose this answer to only one of the questions. On the other hand, 5 learners, corresponding to 29% of the respondents, reported to have had no access to accessible versions of all the books used in the program.
Regarding assistant support, 4 learners, which corresponds to 24%, reported not to have had access to assistant support in all lectures. Other 4 learners reported to have had access to assistant support in all lectures.
Approaches educators used to make graphical representations accessible
We asked learners about the approaches their educators used to make graphical representations accessible. Among the 19 learners, 5 of them did not answer the question. Among the 14 who responded, 5, corresponding to 36%, answered that no approach was used, so that they did not have access to any graphical representation. The other 9 respondents mentioned five different strategies used by educators. As for educators, these strategies can be grouped by sensory perception. Hearingbased approaches comprise textual and verbal description. Touch-based approaches comprise multiplan, tactile drawings, and Braille impressions.
In Fig. 5 , we present the frequency of response. The most widely used sense was touch. It was used individually by 4(29%) educators and in combination with hearing by 3(21%) educators. Among the touch-based approaches, tactile drawings was the most often mentioned.
Collaboration with classmates related to graphical representations
Regarding collaboration among visually impaired learners and classmates in lectures that involved the use of graphical representations, 4 learners did not answer the question. From the 15 respondents, 7, which correspond to 47%, reported they were not involved in group activities and did not interact with classmates, and 8 reported to use textual descriptions, tactile representations, or counted on classmate support, as shown in Fig. 6 . The most widely used approach was textual and verbal description together, answered by 5 respondents, which correspond to 33% of all question respondents. Classmate help was used by 2 learners and tactile drawing by 1 learner.
Assessment
The learners were also asked about the way they were assessed in subjects that involved the use of graphical representations. As 4 learners did not answer this question, we present the results for 15 respondents in Fig. 7 .
Among the 15, 6(40%) were assessed regarding their conceptual knowledge about the subject. Other 5 respondents, which correspond to 33% answered they were not assessed at all. Classmate/assistant help was answered by 2 respondents. Finally, oral assessment and tactile drawings were mentioned by 1 learner each.
Problematic topics
We asked visually impaired learners about the topics they consider the most challenging in the courses they have taken. The following topics were mentioned by learners: The number of subjects mentioned by learners comprises a significant part of computing education programs. In courses such as Computer Science and Computing Engineering, learners mentioned theoretical topics that form the foundation of the field (e.g., Discrete Math, Formal Languages, and Automata and Computability). In courses such as Information Systems and Systems Analysis and Development, central disciplines (Software Engineering, Database, Web Technology, Visual Programming Languages, and Mobile Programming) were mentioned by learners. This amplitude of challenges reinforces the necessity of further research and technological development effort.
Discussion
In the following subsections, we discuss the aforementioned results.
Result contextualization
The results we present are related to institutions in five different Brazilian states: (i) MT-Mato Grosso, (ii) PRParaná, (iii) RS-Rio Grande do Sul, (iv) RJ-Rio de Janeiro, and (v) SP-Sao Paulo. While one must analyze the results considering its spatial contextualization, the aforementioned five states contain about 48% of the main computing-related undergraduate courses in Brazil (Computer Science, Computer Engineering, Information Systems, and System Analysis and Development) [65] . Furthermore, 9 of the 15 best Brazilian educational institutions according to the Times Higher Education [66] are located in these states and we gathered data about 2 of them. In addition, they include four of the five most rich Brazilian states, considering their gross domestic products [67] . Considering that, it is expected that the inclusion scenario in these institutions represent part of the best scenario in educational institutions in Brazil.
Class style and material
It is well known that blackboard content is not accessible to visually impaired learners. Most educators used blackboards in their lectures. The most widely used strategy by educators to deliver material to learners is "delivery of material prior to lecture, " and despite being useful to allow visually impaired learners to follow explanations, this may result in inflexibility in the class content, which can harm the teaching and learning process.
This inflexibility may prevent free interactions between learners and educators, negatively influencing the educational processes. Also, it may increase the sense of distance between participants [51] . For instance, content and examples based on situations raised in class, which could increase the learner's motivation, can hardly be applied in such an inclusive scenario.
Approaches that could be adopted to keep the blackboard lecture style, without creating inflexibility would be:
• Use of smartboards: some smartboards have integrated OCR and its content can be accessed in real-time. Despite being an interesting approach, it can be expensive; • Use of multimedia projector real-time collaborative text editors: instead of using the blackboard, educators can project documents and share them with learners using real-time collaborative text editors. The visually impaired learners would be able to access the content of the virtual "blackboard" in real time during the lecture.
Despite being useful for textual content, these approaches are not useful to graphical content, as discussed next.
Accessibility of graphical representations
According to the learners surveyed, the main challenge they faced was when graphical representations were used to convey and to discuss concepts.
These graphical representations often take the form of graphs (nodes and edges) but have peculiarities that result in complex graphical notations. Examples of this complexity include the UML class diagram and ERD, in which the inherent complexity of a node is often greater than that resulting from its connections, an unusual property for graphs.
These representations are inaccessible to visually impaired learners in their original format; they represent concepts and knowledge that can be conveyed to learners in different formats. The two most widely used approaches, both by educators and learners, were converting them to textual and tactile representations. While textual representations may consider only concepts, tactile representations often take into account graphical aspects. We have not found any empirical study that compares the effectivity of these approaches with experiments. Without this information, we could consider the usage of tactile maps as a normalization pedagogical tool, since it tries to just allow visually impaired learners to access graphical representations the same way sighted learners do. In other words, it does not take into account the mental model visually impaired learners create when interacting with graphical representations and how it could be represented in order to maximize their performance.
Regarding tools to make these representations accessible in real-time collaborative activities, such as in a classroom, there have been some recent researches that have delivered tools to support collaborative interaction between people with visual impairment and sighted people with graphical representations, some of them in real time. Model2gether [52] , CCmi [68] , and [48] are examples of these tools.
Another aspect that represents a great challenge to inclusion, as cited by learners, is the availability of accessible books, as discussed next.
Accessible books
Without being able to access the same material available to sighted learners, it is not possible to offer equal learning conditions to visually impaired learners. The students' answers indicate that, in most cases, only part of the official bibliography was made available in an accessible format.
Some approaches can contribute to changing this scenario. To understand these approaches, it is worth noting that many books, in different fields, do not have equivalent digital editions. This is the case of books published before the emergence of the digital book market.
To make already published non-digital material accessible to visually impaired learners, universities could have departments responsible for making material accessible. This is the case in many universities [69] [70] [71] . Using current high-speed scanning and quality OCR techniques, this is not as difficult as it used to be. This could also be a government initiative. The Brazilian government took this initiative regarding books used at lower education levels [72] . A partnership with representative societies of each field could result in a joint effort, which could be shared by public and private institutions, to produce a better result than each institution by itself. The most recent law related to the inclusion of individuals with impairment in society [7] does not require the existence of specialized departments with the aforementioned role.
For new books, a legislation to guarantee the publication of accessible editions of every published book would ensure accessible material for the future, since publishers have electronic versions of their books. While the article 68 of the Statute of People with Disabilities (Lei Brasileira de Inclusão da Pessoa com Deficiência) [7] specifies that the government must adopt mechanisms to promote the production, edition, and distribution of accessible books, it is still not mandatory in Brazil the publication of digital versions for new books.
Institution training
The lack of training was a concern for most educators, who do not have access to knowledge related to the inclusion of people with visual impairment in lectures. The inclusion in such cases depends only on the educator's initiative to search for approaches and tools that can help them during the process. It is more aligned with the normalization conception aforementioned. In some cases, the educator does not change his/her lecture style and just counts on the help of volunteer sighted learners or assistants to "translate" what is being said into an accessible format. Again, the existence of departments specialized in accessibility in universities could contribute with training programs to educators. Furthermore, the inclusion of accessibility-related content in graduate courses to educators could also contribute to change the existing scenario.
There are some initiatives to offer courses related to accessibility that can be used by educators to compensate the lack of institution training. The University of Brasilia offers an open online course on accessible materials for the Moodle that can be accessed at https://moodle.ead. unb.br. Another initiative, by the UNICAMP-University of Campinas, is dedicated to specialized educational service educators, but it is only available to invited users, at http://tnr.nied.unicamp.br/.
Base of knowledge to inclusion
An initiative that could contribute to changing the inclusion scenario in Brazil is establishing an electronic base of knowledge, with scientific articles and tools, related to the inclusion of visually impaired learners in computing education programs. The USA, as an example, has a project funded by the government and maintained by the University of Washington, called Access Computing [73] . It is a collection of resources to include learners with impairments in the computing field.
Currently, any Brazilian educator, who wishes to include visually impaired learners in his/her class, has to conduct his/her own research to identify possible approaches to make this inclusion possible. If a central repository with such information were available, this could contribute to changing in this scenario.
Conclusions
This work presented the results of surveys conducted with visually impaired learners and educators in computing education programs.
In addition to educators and visually impaired learners, institutions and sighted students that take part in the inclusion process are important as well. This research does not present data related to these parties. While educational institutions could be surveyed, we understand that information gathered by educators and learners is more faithful, since institutions are obliged to offer minimal conditions to learners with impairments and admit the absence of these conditions could cause problems to the institutions. Regarding sighted students, there is no group or specific mean to find them. One approach to gather data about sighted students is to follow them during a course in which they have a classmate with visual impairment.
In our view, it is important to collect information about the inclusion of visually impaired learners in computing education programs to establish appropriate action plans by institutions, educators, and decision makers. We consider this work relevant in this context because the type of information present herein may guide and support the definition of procedures and policies to promote a more inclusive scenario.
Despite any effort by educators and institutions to promote a more inclusive scenario, most learners do not feel included at all.
The results indicate that further research and technological development efforts are required to produce a more inclusive scenario. A method to guide institutions, educators, and learners in this scenario would be of great contribution to the field. We discussed some alternatives that could be adopted to produce this inclusive scenario.
